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1. Introduction 

Frequency multiplier microwave monolithic integrated circuits (MMICs) can be used for a 

variety of radio frequency (RF) and microwave systems. Three frequency doubler circuits were 

designed and fabricated using a 0.13-µm gallium arsenide (GaAs) pseudomorphic high electron 

mobility transistor (PHEMT) process from TriQuint Semiconductor. The fabrication was 

performed as part of the fall 2011 Johns Hopkins University (JHU) MMIC Design Course, 

taught by the author. As noted in the previous technical note, ARL-TN-0517, Monolithic 

Microwave Integrated Circuit (MMIC) Frequency Doublers (1), the measured results of the 

original designs were shifted in frequency.  This shift was due to errors in modeling the open 

circuit stubs, which attenuate the fundamental harmonic input.  An electromagnetic (EM) 

simulator, such as Sonnet EM, more accurately models the performance compared to the 

standard analytical microstrip models used in linear simulators. The length of the stub attenuators 

was corrected and the modified designs were refabricated as part of the fall 2012 JHU MMIC 

Design Course. The measurements of the second pass 8- and 16-GHz frequency doublers with 

harmonic stubs are documented in this follow up technical note. 

2. Frequency Doubler at 8 GHz with a Fundamental Harmonic Stub 

Attenuator 

A harmonic stub was added to attenuate the fundamental input frequency, but was shifted up in 

frequency in the first pass design. The measured second pass “corrected” design versus EM stub 

re-simulations show good agreement (figure 1). Figure 2 shows the measured performance of the 

second harmonic versus input power level at 8 GHz, showing good agreement with the nonlinear 

re-simulations. Table 1 shows the measurements of the doubler with about a 6-dB conversion 

loss from fundamental input power level to 2
nd

 harmonic output power at drive levels of 8 to 12 

dBm with attenuation of the fundamental output below the 2
nd

 harmonic output. Additional 

filtering of these doublers could be added externally or in a future redesign. Figure 3 shows the 

actual layout of the second pass 2012 design with the only change being the longer meandered 

stub attenuator. 
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Figure 1. S-parameters of the 8-GHz doubler (measured-solid, re-simulations-dotted). 

 

Figure 2. The 8-GHz doubler 2
nd

 harmonic output vs. input power at 8 GHz (measured-solid, re-simulations-

dotted). 
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Table 1. Measured performance of the 8-GHz doubler (second pass 2012). 

 
 

 

Figure 3. Layout plot of the 8-GHz frequency doubler second pass  

2012 (~0.65 x 1.2 mm). 

Doubler 8G 4V at 39mA, vg=-1.5v Die #1 7.8GHz

SG Pin(corr) Pout8G(ms)Pout16G(ms)Pout24G(ms)Pout(corr)Pout2X(corr)Pout3X(corr)Cnvloss

-4.0 -6.3 -14.3 -30.9 -12.3 -27.9 21.6

-2.0 -4.3 -12.4 -27.0 -10.4 -24.0 19.7

0.0 -2.3 -10.4 -22.7 -8.4 -19.7 17.4

2.0 -0.3 -8.5 -18.4 -6.5 -15.4 15.1

4.0 1.7 -6.6 -13.8 -33.2 -4.6 -10.8 -28.7 12.5

6.0 3.7 -4.9 -9.0 -24.8 -2.9 -6.0 -20.3 9.7

8.0 5.7 -3.4 -4.8 -18.7 -1.4 -1.8 -14.2 7.5

10.0 7.7 -1.9 -1.6 -14.3 0.2 1.5 -9.8 6.3

12.0 9.7 -0.5 0.8 -10.2 1.5 3.8 -5.7 5.9

14.0 11.7 0.6 2.2 -6.8 2.6 5.2 -2.3 6.5
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3. Frequency Doubler at 16 GHz with a Fundamental Harmonic Stub 

Attenuator 

A harmonic stub was added to attenuate the fundamental input frequency, but was off in 

frequency in the first pass design of the 8- and 16-GHz doublers. The measured versus EM stub 

re-simulations show good agreement for the 16-GHz doubler (figure 4). Figure 5 shows the 

measured performance of the 2
nd

 harmonic output versus fundamental input power level at 17 

GHz, showing fairly good agreement with the nonlinear re-simulations, especially at higher input 

drive levels. Table 2 shows the measurements of the doubler showing about a 12-dB conversion 

loss from fundamental power level to 2
nd

 harmonic output power at drive levels of 10 to 14 dBm. 

Even with a stub attenuator, the fundamental output power is still slightly higher than the 2
nd

 

harmonic. Additional filtering of these doublers could be added externally or in a future redesign. 

Figure 6 shows the actual layout of the second pass 2012 design with the only change being the 

longer meandered stub attenuator. 

 

Figure 4. S-parameters of the 16-GHz doubler (measured-solid, re-simulations-dotted). 



 

5 

 

Figure 5. The 16-GHz doubler 2
nd

 harmonic output vs. input power at 17 GHz (measured-solid, re-simulations-

dotted) 

Table 2. Measured performance of the 16-GHz doubler (second pass 2012). 
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X2_15G_sim
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5/21/2013 17.0 GHz

Doubler 16G 4V at ~34mA, vg=-3v Die #2

Pin(SG) Pin(A) PoutX1(ms)PoutX2(ms)Pout(corr)Pout2X(corr)Cnvloss dBc I(4V)

-8.00 6.4 -8.08 -17.00 -2.4 -10.0 16.4 7.6 40.3

-7.00 7.4 -7.11 -14.70 -1.4 -7.7 15.1 6.3 43.8

-6.00 8.4 -6.22 -12.80 -0.5 -5.8 14.1 5.2 47.7

-5.00 9.3 -5.32 -11.20 0.4 -4.2 13.5 4.5 52.2

-4.00 10.3 -4.44 -9.70 1.3 -2.7 12.9 3.9 57.0

-3.00 11.2 -3.60 -8.34 2.1 -1.3 12.5 3.4 62.2

-2.00 12.1 -2.81 -7.20 2.9 -0.2 12.2 3.1 67.5

-1.00 13.0 -2.07 -6.20 3.6 0.9 12.1 2.8 72.8

0.00 13.8 -1.42 -5.40 4.3 1.7 12.2 2.6 77.8
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Figure 6. Layout plot of the 16-GHz frequency doubler second pass 2012  

(~0.6 x 0.8 mm). 

4. Conclusion 

These frequency doubler circuits worked well and compared well with the original simulations, 

after adjusting for the significantly different simulations of the meandered open circuit stub 

attenuator between the linear simulator and the Sonnet EM simulations of the physical layout. 

Based on the previous first pass designs documented in the reference 1 and 2, the stub attenuator 

lengths were lengthened to retune the designs to the desired operating frequency. Otherwise, 

both 2012 frequency doublers were identical to the original 2011 designs.  Particularly for higher 

frequency designs and dense MMIC layouts, an EM simulator, such as Sonnet, may be needed to 

more accurately predict actual layout parastics. 
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